Objective. Ample research has examined physicians' evidence-based medicine (EBM) knowledge and skills; however, previous research has not linked EBM knowledge to objective measures of process of care.
Introduction
Evidence-based medicine (EBM) has been defined as the judicious use of the best evidence in making decisions about the care of the individual patient [1] . EBM is based on integrating knowledge gained from the best available research, clinical expertise and patients' values [2] . To fully integrate EBM into clinical practice physicians need to formulate a clinical question, search for the best available evidence, critically appraise the evidence and apply the evidence to the individual patient (i.e. 'doing mode') [3, 4] . Yet in the context of a busy primary care setting, critical appraisal is often neglected due to time constraints or lack of knowledge in clinical epidemiology or biostatistics. In fact, most primary care physicians do not believe that critical appraisal is a necessity in moving from 'opinion based to evidence-based medicine' [5, 6] . Thus, clinicians can attempt to practice EBM through searching, retrieving and integrating rigorously pre-appraised resources (e.g. clinical evidence) into clinical practice without critically appraising original research (i.e. 'using mode') [5] . Systematic reviews by Parkes et al. and Coomarasamy and Khan [7, 8] have found that EBM teaching improves both critical appraisal and information retrieval knowledge and skills. However, unlike immediate gains in knowledge or skills, clinical performance remains a downstream outcome of interventions and is subject to numerous barriers hindering integrating the best evidence into clinical practice (e.g. time constraints, patient characteristics) [9] . The 'evidence' that EBM knowledge and skills actually translate into changes in clinical practice has been questioned [10, 11] . In fact, few studies have examined the impact of EBM educational interventions on physicians' clinical performance. Straus et al. [12] , in a before and after study, found that after an EBM intervention more physicians prescribed evidencebased therapies to their patients. de Belvis et al. [13] , in a systematic review, established that adhering to EBM tools and guidelines improved diabetes process of care, but not patient outcomes. In contrast, in a controlled trial, we found that an EBM intervention did not impact physicians' process of care [14] . Lucas et al. [15] similarly found no change in clinical behavior after physicians were provided with standard literature searches related to primary diagnosis.
In the present study we examine the association between EBM knowledge and quality of care for patients with diabetes, coronary heart disease and hypertension. While previous research has assessed the relationship between physicians' general medical knowledge (via certifications scores) and clinical practice, studies have yet to determine the correlation between physicians' EBM knowledge and their quality of care performance [16] . The widespread investment in EBM teaching underscores the need to assess this association [17] . Thus, we attempt to bridge this gap in the literature by examining the relationship between physicians' total EBM knowledge and EBM micro-skills (i.e. critical appraisal and information retrieval) to quality of care.
Methods
We performed cross-sectional analysis of primary care physicians' quality of care performance at the baseline of a controlled trial and their EBM knowledge assessed either prior to being exposed to an EBM intervention (intervention group) or not being exposed at all to an EBM intervention (control group), between March and September 2004 [14] . Physicians were from one region of the largest Health Maintenance Organization (HMO) in Israel (3.7 million members). Physicians were asked to participate by their HMO district manager and were offered continuing medical educational accreditation. As described in detail elsewhere [14] , of the 107 physicians assessed for eligibility in the trial, 21 were excluded because they either: (i) did not meet the inclusion criteria (i.e. practicing physicians in clinics of at least two physicians with .4000 patients, and not planning to retire for 2 years) or (ii) refused to participate in the study. Of these physicians complete data pertaining to physicians' quality of care indicators and EBM knowledge were available on 74 physicians in the trial. Thus, 69.1% of subjects approached in the trial were included in the analysis. Subjects were general internists, family and general practitioners, practicing in large urban primary care clinics, with approximately 22.0% of the patients .65 years old, 17.6% on welfare and 47.7% with diagnosed chronic conditions (e.g. diabetes, hypertension) [14] . All participating physicians had access to EBM resources (e.g. Cochrane Library) on their desktop computers, and all used an electronic medical record system [18] . The mean age of physicians was 49.9 (SD ¼ 6.8), averaging 24.0 years of clinical experience (SD ¼ 6.8), and over half were female (53.3%).
We assessed physicians' quality of care performance by examining their diabetes process of care on 8334 patients with diabetes (types I and II); their statin prescription rates on 7092 coronary heart disease patients and their thiazide prescription rates on 17 132 hypertensive patients. Quality of care performance was derived from the HMO's database, which collects data from patients' electronic medical record. Diabetic testing performance was defined as the percentage of diabetic patients who (i) received LDL tests, microalbumin tests, hemoglobin A1C tests at least once in the past 6 months; (ii) were referred to ophthalmologists at least once a year. Statin prescription was defined as the percentage of coronary heart disease patients after coronary artery bypass graft surgery, percutaneous coronary interventions or patients with a stent with LDL levels .100 and/or a total cholesterol level .220 who were prescribed statins for secondary prevention, and purchased the drug at the pharmacy for at least 3 of the last 6 months. Thiazide prescription was defined as the percentage of hypertensive patients (without coronary heart disease or chronic obstructive pulmonary disease) who were prescribed thiazide and who purchased the drug at a pharmacy for at least 3 of the last 6 months. These definitions were based on the HMOs' quality of care indicators and are consistent with: (i) the American Diabetes Association Standards of Medical Care in Diabetes; (ii) the UK National Institute for Health and Clinical Excellence clinical guidelines for the utilization of statins for the prevention of cardiovascular events; and (iii) the clinical hypertension trials, e.g. the Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack trial [19 -23] .
The primary outcome measures were the six quality of care indicators: LDL tests for diabetics, microalbumin tests for diabetics, hemoglobin A1C tests for diabetics, eye examination referrals for diabetics, statin prescription for coronary patients and thiazide prescription for hypertensive patients. The primary independent variable was physicians' total EBM knowledge score, a continuous variable of 0-100 (i.e. a conversion of the score to percent of correct answers), assessed via a validated questionnaire [14] . The total EBM knowledge score reflected knowledge and skills pertinent to evidencebased practice, i.e. information retrieval skills (formulating a clinical question and electronic database searching) and critical appraisal skills. The two components of the total EBM score: (i) critical appraisal skills (a continuous variable of 0-53), and (ii) information retrieval skills (a continuous variable of 0 -47), were regarded as additional independent variables. Other covariates consisted of physicians' self-reported response to survey questions pertaining to their age; gender; specialization: internal or family medicine physicians were considered 'specialists' and general practitioners were considered 'generalists'; academic: active teaching of medical students or residents in an academic institution (yes/no); clinical experience (continuous variable): number of years since graduating from medical school; EBM course: prior participation in an EBM course (yes/no); local graduate: graduate from a local medical school (yes/no); journal use: habitual reading of medical journals to keep up to date with the medical literature (yes/no) and Medline use: habitual use of Medline to keep up to date with the medical literature (yes/no).
To evaluate the association between the dependent quality of care indicators and the independent EBM knowledge score variables, both bivariate and multivariate analyses were utilized. Initially, exploratory data analysis was carried out to assess the distribution of data. A quantile-by-quantile (Q-Q) plot was computed for each dependent variable, a procedure in which percentiles of the standard normal distribution are plotted against percentiles of the data [24] . Distribution was found to be normal; hence parametric statistics were utilized for all analysis. Bivariate analysis using one way ANOVA, post hoc (Bonferroni) for multiple comparisons, was applied to compare each dependent variable to the different categories of the independent variables and covariates. Correlations between continuous variables were determined using Pearson correlation. In multivariate analysis, we constructed six separate multivariate linear regression models for each dependent variable. Models were run once with the total EBM score entered as the independent variable, and again with the information retrieval and critical appraisal scores entered as independent variables. Since these scores were not highly correlated (Pearson, r , 0.2), both scores were entered into the same models. This enabled determining the independent association of each score with the quality of care indicators, while controlling for the other. A backward stepwise regression procedure was utilized in all models, starting with all variables found statistically significant in the previous step, and removing non-significant variables. A backward stepwise approach was employed due to the relatively large number of covariates, and insufficient evidence identifying which of these covariates should be included in the models [25] . Additionally, since four outcome measures were used to assess the quality of care among diabetics, all four indicators we entered into one multivariate general linear regression model, to control for multiple comparisons. In all analyses, P, 0.05 was considered statistically significant. All data were analyzed using SPSS (SPSS Inc., Chicago, IL, USA) for windows version 16.0.
Results
In the bivariate analysis, physicians' total EBM knowledge score was significantly correlated with microalbumin tests (Pearson, r ¼ 0.34; P ¼ 0.002) and statin prescription (Pearson, r ¼ 0.29; P ¼ 0.011). The total EBM knowledge score was associated with eye examination referrals, hemoglobin A1C and LDL tests with borderline significant (Pearson, r ¼ 0.21; P ¼ 0.06 for all three dependent variables; see Table 1 ). The total EBM knowledge score was not significantly associated with thiazide prescription. In the exploratory analysis of the components of the total EBM knowledge (i.e. critical appraisal and information retrieval scores), the critical appraisal score was significantly correlated with eye examination referrals (Pearson, r ¼ 0.25; P ¼ 0.032), microalbumin tests (Pearson, r ¼ 0.32; P ¼ 0.004) and statin prescription (Pearson, r ¼ 0.24; P ¼ 0.039). The information retrieval score was only significantly correlated with hemoglobin A1C tests (Pearson, r ¼ 0.29; P ¼ 0.010). Thiazide prescription was not significantly associated with the EBM micro-skill scores.
In the multivariate analysis, the total EBM knowledge score was independently and significantly associated with all four diabetic process of care indicators as well as physicians' prescription of statin (Table 2) . Specifically, the total EBM knowledge score was associated with microalbumin tests (b ¼ 0.33; P ¼ 0.001) while controlling for physicians' gender, journal and Medline use, graduating locally and academic activity. Overall this model explained 18.5% in the variance of physicians' microalbumin tests. The total EBM knowledge score was independently and significantly associated with eye examination referrals, while controlling for physicians' specialization, journal use, graduating locally and clinical experience (b ¼ 0.16; P ¼ 0.021). This model explained 12.7% in the variance of eye examination referrals. Additionally, physicians' total EBM knowledge score was independently associated with hemoglobin A1C tests (b ¼ 0.17; P ¼ 0.036) and LDL tests (b ¼ 0.13; P ¼ 0.037), while controlling for covariates pertaining to physicians' characteristics (Table 2 ). These models explained 16.4% in the variance of hemoglobin A1C tests and 9.4% in the variance of LDL tests. Furthermore, when all four diabetes indicators were entered into one model, diabetes quality of care was independently associated with the total EBM knowledge while controlling for covariates (F ¼ 4.65; P ¼ 0.004). Additionally, statin prescription for coronary heart disease patients was independently associated with the total EBM knowledge score (b ¼ 0.18; P ¼ 0.025), with the model explaining 20.0% of the variance in statin prescription. In contrast, physicians' thiazide prescription was not significantly associated with the total EBM knowledge score.
In multivariate exploratory analysis of the associations between EBM micro-skills and quality of care indicators (Table 3) , the critical appraisal score was only independently and significantly associated with two diabetes indicators: (i) microalbumin tests (b ¼ 0.46; P ¼ 0.002), while controlling for physicians' gender, specialization, journal and Medline use, graduating locally, academic activity and information retrieval scores; and (ii) eye examination referrals (b ¼ 0.20, P ¼ 0.048), while controlling for physicians' gender, specialization, journal use, graduating locally, clinical experience and information retrieval scores. These models explained 21.0 and 14.1% of the variance in microalbumin tests and eye examination referrals, respectively. Information retrieval scores were independently and significantly associated with hemoglobin A1C testing (b ¼ 0.43; P ¼ 0.004), while controlling for covariates (Table 3) . This model explained 23.0% of the variance in hemoglobin A1C tests. Information retrieval scores were not independently associated with any other quality of care indicators in multivariate analysis.
Discussion
To our knowledge, this is the first study to link EBM knowledge to clinical performance as measured by quality of care indicators derived from electronic medical records. We found an independent and statistically significant association between physicians total EBM knowledge and their quality of care performance as measured by four diabetes indicators, and statin prescription for coronary heart disease patients. In contrast to the total EBM knowledge score, physicians' EBM micro-skills were only associated with no more than two diabetes indicators (i.e. critical appraisal with two and information retrieval with one). EBM knowledge scores were not associated with thiazide prescription for hypertensive patients. A possible explanation for the lack of association with thiazide prescribing is that, while guidelines recommend thiazides as a first-line agent for hypertension, they also support alternative agents for 'compelling indications' including congestive heart failure, post-myocardial infarction, highrisk coronary heart disease, diabetes, chronic kidney disease and stroke prevention [26] . We did not exclude diabetic patients from the denominator for whom angiotensin converting enzyme inhibitors or angiotensin II receptor blockers might be first-line treatment.
Though almost all of the associations between the total EBM knowledge and performance indicators in our study were statistically significant, the correlations were modest and explained only a small portion of the variance in the dependent variables in the multivariate models. Our cross-sectional models suggest that a very large increase in total EBM knowledge is associated with an increase in diabetes testing and statin prescription rates. For example, a 1% absolute increase in total EBM knowledge is associated with 0.17 and 0.33% increases in hemoglobin A1C and microalbumin testing (respectively) for diabetic patients. Whereas a 50% absolute increase in total knowledge is associated with 8.5 and 16.5% respective increases in these diabetes tests, assuming a linear relationship between total EBM knowledge and clinical performance.
In our original trial EBM training resulted in an 18% absolute increase in EBM knowledge, but did not affect diabetes testing and prescription behavior [14] . Thus, based on the present multivariate models, the knowledge gain in the original trial might not have been sufficient to impact clinical behavior. This supposition, however, is based on crosssectional data and needs to be substantiated in a prospective trial (leading to larger increases in EBM knowledge) to determine a causal relationship. Additionally, the fact that our multivariate models explained only a small portion in the variance of physicians' quality of care performance might indicate that factors beyond physicians' EBM knowledge have a greater influence on clinical performance. Previous research has reported that physicians find that time constraints, work overload and patients' demand of redundant treatment hinder their clinical performance [6, 27 -30] . Moreover, clinical practice is impacted by environmental and organizational factors, characteristics and utilization of electronic medical records (including decision support systems), clinical guidelines characteristics and physician and patient characteristics [9] . Further, physicians are affected, to a greater or lesser degree, by external pressures to meet performance thresholds for clinical indicators [31] . No studies to date have examined the association between EBM knowledge (utilizing a validated instrument) and objectively measured quality of care indicators. While previous research has found correlations between certification scores and clinical performance, we ascertained a link between EBM knowledge and skills to quality of care [16] . Even though a multitude of factors affect the implementation of evidenced-based clinical indicators, our findings confirm 'knowledge matters' in assessing and assuring quality of care [32] . The importance of the knowledge of the evidence is supported by correlations between certification scores and clinical performance, and by significant gaps in the quality of care stemming from physicians' knowledge gaps of appropriate practice [16, 33] . Furthermore, our findings suggest that higher knowledge in all steps of EBM practice (i.e. formulating a clinical question, information retrieval and critical appraisal) was associated with more quality of care indicators than EBM micro-skills alone. This might underscore the need to focus on teaching all components of EBM (including critical appraisal) in medical education interventions rather than focusing on teaching specific micro-skills (e.g. information retrieval).
Interpretation of our results should be tempered by our study's limitations. Since the study design was cross sectional, a causal relationship between EBM knowledge and clinical performance cannot be inferred. Additionally, while our analysis adjusted for several potential confounding variables, we lacked data on patient characteristics, such as comorbidities, which could have independently impeded physicians' adherence to clinical guidelines [29] . Moreover, in our analysis, we did not account for environmental and organizational characteristics (e.g. lack of time, financial incentives, costcontainment.), as well as the role nurses (and other members of the primary care team) play in the chronic disease management of patients [9] . In terms of our outcome measures, physicians' prescription practices were extracted from the HMO database that collects prescription rates via pharmacy data. Although this method of data collection has been used in other studies [34, 35] , this is not a direct measure of physicians' prescription practices, and may be affected by patients' compliance. Moreover, these outcomes represent processes rather than outcome of care [36] . Finally, the generalizability (i.e. external validity) of findings may be limited, since we studied a relatively small sample of physicians (who volunteered to participate in the study) from a single HMO and geographic region.
In conclusion, our findings suggest that physicians' EBM knowledge is correlated (albeit modestly) with quality of care. Additionally, physicians' knowledge of all steps of EBM is correlated with more quality of care indicators than specific micro-skills of EBM. These findings are of importance due to the widespread investment in EBM teaching in medical school curricula, residency programs and continued medical education [5, 37] . The results do not indicate, however, that enhancing EBM knowledge is a magic bullet approach to improving adherence to performance indicators. Future research should prospectively examine the impact of robust educational interventions, resulting in large increases in total EBM knowledge, on physicians' quality of care.
